Homogenates of pea (Pisum sativum L., var. Alaska) seedlings exposed to '4C-indole-3-acetic acid or "C-3-methyleneoxindole, an oxidation product of indole-3-acetic acid, were extracted with phenol. In both cases 90% of the bound radioactivity was found associated with the protein fraction and 10 % with the water-soluble, ethanol-insoluble fraction. The binding of radioactivity from 14C-indole-3-acetic acid is greatly reduced by the addition of unlabeled 3-methyleneoxindole as well as by chlorogenic acid, an inhibitor of the oxidation of indole-3-acetic acid to 3-methyleneoxindole. Chlorogenic acid does not inhibit the binding of "C-3-methyleneoxindole. The labeled protein and water-soluble, ethanol-insoluble fractions of the phenol extract were treated with an excess of 2-mercaptoethanol. Independently of whether the seedlings had been exposed to "4C-indole-3-acetic acid or "C-3-methyleneoxindole, the radioactivity was recovered from both fractions in the form of a 2-mercaptoethanol-3-methyleneoxindole adduct. These find- (Pisum sativum, var. Alaska) seedlings grown in the dark at 26 C on moistened vermiculite were used throughout. About 100 g of seedlings were rinsed with distilled water, and their roots were immersed in 100 ml of an aqueous solution of 10 /uM indole-3-acetic acid-methylene-'4C (12.5 ,uc) or 1 ,.uM 3-methyleneoxindole-methylene-14C (12.5 ,c) contained in a 1-liter Pyrex beaker. The seedlings were incubated at 26 C at a distance of 2 feet from a bank of eight cool white fluorescent lamps 3 feet in length. After 16 hr of incubation the seedlings were rinsed for 1 hr with tap water and homogenized in a chilled blender with 100 ml of 20 mm tris-HCl buffer, pH 7.4, containing 0.20% sodium dodecyl sulfate. Subsequent manipulations were carried out at 4 C. The homogenate was filtered through eight layers of cheesecloth and centrifuged at 37,000g. The clarified extract was dialyzed overnight against 100 volumes of 20 mm tris-HCl buffer, pH 7.4. A small portion of the dialyzed extract was treated with three volumes of chilled anhydrous ethanol. The resultant precipitate was redissolved in 20 mm tris-HCl buffer, pH 7.4, to yield a final volume equal to the original extract. This is referred to as the "macromolecule fraction."
elongation of pea and mung bean stem segments and of protein synthesis in pea stems (9) . The biological properties of MeOx are probably a consequence of its high reactivity with sulfhydryl groups (5) . Information concerning its behavior in bacterial model systems has provided important leads to its function in higher plants. As a sulfhydryl reagent, MeOx at low concentrations is capable of desensitizing regulatory enzymes to end-product inhibition both in the test tube and in growing cells; it thus accelerates growth in bacteria which are growth rate limited by excessive sensitivity to such regulation (7) . As may be predicted by its affinity for sulfhydryl groups, higher concentrations of MeOx inhibit bacterial growth (2, 5) . Stimu- lation of growth by low concentrations of MeOx and inhibition at higher concentrations is characteristic of the action of its parent compound, IAA, in plants.
It is therefore tempting to speculate that mechanisms similar to those operative in the bacterial model system underlie stimulation and inhibition of plant growth by MeOx Ingram (3) . Total volume of reaction mixture was 1 ml. After digestion for 90 min at 37 C, the reaction was stopped with 5c% trichloroacetic acid. The radioactivity in acid precipitated materials was measured as described in Table  I 135 ,ec) and 20 mm tris buffer, pH 7.4, in a total volume of 1.0 ml was incubated for 2 hr at 37 C to allow the binding of MeOx to the -SH groups on the enzyme. The reaction mixture was cooled on ice, and the unreacted "4C-MeOx was removed by passing through a Diaflo XM 50 filter and washing with 20 mM tris buffer, pH 7.4. The material retained by the filter was suspended in the same buffer and reacted with an equal volume of 2 M mercaptoethanol. Procedures used for obtaining the 4C-mercaptoethanol adduct and its chromatography were similar to those described in the preceding section.
Exchange of 1"C-Label from WS of Phenol Extracts. The supernatant resulting from centrifugation of the extract at 37,000g was centrifuged for 90 min at 176,000g. Approximately 250 ml of this supernatant was treated with an equal volume of 90% phenol in a manner analogous to that used by Kirby (4) Methods for obtaining 2-mercaptoethanol adducts are described in the text. Reaction of IAA with 2-mercaptoethanol does not result in the formation of an adduct. Since an excess of 2-mercaptoethanol was used for obtaining the exchange products, the unreacted mercaptoethanol gave a discrete spot. Nonradioactive compounds were detected by their ultraviolet quenching or fluorescent properties. Radioactive compounds gave ultraviolet quenching spots with coincidental radioactivity. BINDING OF IAA AND 3-METHYLENEOXINDOLE also contained 1 ,ug/ml riboflavin was irradiated for 90 min as previously described (2) . This procedure resulted in almost complete oxidation of IAA with 3-hydroxymethyloxindole as the major product. The resultant solution was diluted to 1 pum before being administered to the seedlings. 3-Hydroxymethyloxindole is readily dehydrated to MeOx under physiological conditions (5, 6, 8) .
RESULTS AND DISCUSSION
Of the total radioactivity adsorbed by pea seedlings incubated with '4C-IAA or '4C-MeOx, 6 .4% and 7.2%, respectively, are recovered in the "macromolecule fraction." Measurement of radioactivity in the "macromolecule fraction" following extraction with phenol indicates that about 90% of the radioactivity is associated with the protein fraction and 10% with the WS fraction (Table I ). This pattern of distribution of the radioactivity between the protein and WS fraction is characteristic regardless of whether the label is administered in the form of IAA or MeOx. The similarity in the binding properties of IAA and MeOx to these fractions indicates that the binding of IAA to the macromolecules first involves its oxidation to MeOx, especially since such reactions are known to occur in intact pea seedlings (8) . The predictions that arise from this hypothesis are: (a) MeOx should be an effective competitor of IAA for the binding sites on protein and WS fractions; and (b) blocking the enzymatic oxidation of IAA by chlorogenic acid should cause a reduction in the binding of`4C-IAA to the macromolecules. On the other hand, chlorogenic acid should not affect the binding of MeOx, since it is a product of the blocked reaction. 'lC-MeOx is indeed an effective competitor of "4C-IAA, at least for the binding sites on the protein molecules, whereas 'C-IAA has no detectable effect on the binding capacity of "4C-MeOx to the macromolecules (Table I ). The presence of chlorogenic acid reduces the level of radioactivity bound to protein by about 50% when the label is applied as 4C-IAA (Table II) . The elevated binding of "C-MeOx to protein and WS fractions observed in the presence of chlorogenic acid is in accord with the earlier finding that chlorogenic acid is an inhibitor of 3-methyleneoxindole reductase (8) . Such an inhibition would provide a higher steady state level of MeOx available for binding to these fractions.
Limited digestion of protein fractions with trypsin resulted in a substantial loss of radioactivity (Table III) . This finding indicates that '4C-IAA and "4C-MeOx are indeed capable of binding to proteins. The small amount of radioactivity found in the WS fraction is not released by trypsin digestion, indicating that the radioactivity is directly associated with constituents of the WS fraction and does not in fact arise from protein contamination. This was further confirmed by the observation that the 14C-labeled WS fraction failed to yield a positive biuret reaction.
The most direct evidence for the involvement of MeOx in the binding of IAA to macromolecules comes from the results of experiments presented in Table IV . When partially purified plant proteins or the WS fraction labeled with 14C-IAA were reacted with a large excess of 2-mercaptoethanol for the purpose of exchanging the labeled moiety, it was possible to recover an ether-soluble, radioactive mercaptoethanol complex, which had the same chromatographic mobility in 5% isopropanol as the mercaptan formed by reacting MeOx with 2-mercaptoethanol. An addition product with similar chromatographic properties is obtained after exchanging with 2-mercaptoethanol the "C-MeOx bound to protein and WS fractions from pea seedlings or crystalline alcohol dehydrogenase.
In bacterial model systems, low concentrations of 3-methyleneoxindole are capable of desensitizing regulatory enzymes in vivo and in vitro (7) . Thus, MeOx has the potential for accelerating growth when the sensitivity of a biosynthetic enzyme is made the growth rate-limiting factor. It 
